I ndividuals of South Asian ancestry (from India, Pakistan, Bangladesh, Nepal, and Sri Lanka) represent a quarter of the world's population; at 3.4 million, they are the sixth largest ethnic minority group in the United States, and the second fastest growing group. 1 South Asians have a high incidence of cardiovascular disease (CVD); for example, in California, South Asians have the highest ischemic heart disease mortality rate among the top 6 racial/ethnic groups. 2 One strategy to reduce the high CVD risk of South Asians includes screening for and treating CVD risk factors. The 2013 American Heart Association/American College of Cardiology Pooled Risk Calculator for estimating 10-year and lifetime predicted risk of atherosclerotic cardiovascular disease (ASCVD) has been developed and validated for risk estimation among Americans aged 40 to 79 by pooling nonHispanic white and African-American groups. 3, 4 However, like other risk calculators, 5, 6 the Pooled Risk Calculator may underestimate observed ASCVD risk in South Asians in the United States, an ethnic group with high rates of CVD at standard risk thresholds. 7 Berry and colleagues demonstrated an association between levels of 10-year and lifetime ASCVD risks and subclinical atherosclerosis prevalence and progression among young and middle-aged adults from the Coronary Artery Risk Development in Young Adults (CARDIA) and Multi-Ethnic Study of Atherosclerosis (MESA). 8 Risk stratification models have focused on lifetime cardiovascular disease risk because a large proportion of ASCVD events ultimately occur among individuals with a relatively low 10-year predicted risk. 9 Lifetime ASCVD risk estimation, which measures the cumulative risk of developing the disease during the remainder of an individual's lifespan, may provide a more appropriate assessment of future ASCVD risk than shorter-term 10-year risk estimates, especially in younger individuals in whom 10-year ASCVD risk is nearly always low.
Our objective was to apply previously published 10-year and lifetime predicted risk algorithms to data from participants in the Mediators of Atherosclerosis in South Asians Living in America (MASALA) study and to evaluate the association between the ASCVD predicted risk (both 10-year and lifetime) and measures of subclinical atherosclerosis (coronary artery calcium and carotid intima media thickness) in US South Asians. Although these data are cross-sectional and cannot be used to assess the performance of the risk prediction algorithms, coronary artery calcium has been shown to be a powerful predictor of risk and CVD events in healthy people; 10, 11 in this paper, we describe the distribution of cardiovascular risk in US South Asians and the relationship between the new Pooled Cohort Risk Equation and established surrogate markers of ASCVD.
Methods
The MASALA study methods are modeled after the MESA study, 12 as previously described. 13 The MASALA study is a 
Participants
To be eligible for the MASALA study, participants had to selfidentify as South Asian ethnicity (at least 3 grandparents born in any South Asian country), speak English, Hindi, or Urdu, and be between the ages of 40 and 84 years at baseline. As in the MESA study, we excluded those with clinically evident CVD from the MASALA study. 13 Participants undergoing active treatment for cancer and those residing in a nursing home were also excluded. MASALA employed community-based recruitment methods that were similar to the MESA study. 12, 13 The baseline cohort included 906 participants; the present analysis only includes the 893 who had complete risk factor measurements and who were between ages of 40 and 79 years. We restricted the analysis to include participants who were between the ages of 40 and 79 years to match the ages of cohorts used in the development of the Pooled Cohort risk equations.
Clinical Measurements
Trained multilingual study staff conducted all visits, and all consent forms and questionnaires were also translated into Hindi and Urdu. We gathered information on participants' demographics, habits including tobacco use, medical history, and medication use. We measured seated resting blood pressure 3 times using an automated blood pressure monitor (V100 Vital sign monitor; GE Medical Systems, Fairfield, CT) and used the mean of the last 2 readings for analyses. 13 We collected blood after a 12-hour fast, and measured fasting and 2-hour plasma glucose by the glucose oxidase method and fasting total cholesterol, triglycerides, and high-density lipoprotein (HDL) cholesterol y enzymatic methods (Quest Diagnostics, San Jose, CA), from which we calculated low-density lipoprotein (LDL) cholesterol. 14 
Risk Factor Definitions
We defined dyslipidemia as total cholesterol ≥240 mg/dL, LDL cholesterol ≥160 mg/dL, or HDL cholesterol <40 mg/dL (for persons with and without diabetes) or use of a cholesterol-lowering medication. 9 We defined hypertension as a systolic blood pressure ≥140 mm Hg, diastolic blood pressure ≥90 mm Hg, or use of an antihypertensive medication. We defined diabetes mellitus as a fasting plasma glucose ≥126 mg/dL, 2-hour post-load plasma glucose ≥200 mg/dL, HbA1c ≥6.5%, or use of antihyperglycemic medications. We defined cigarette smoking as currently smoking cigarettes. Use of an HMG-coA reductase inhibitor, fibrate, or niacin was categorized as cholesterol medication use. The study PI adjudicated the use of antihypertensive medicines and diabetes medicines. Antihypertensive use was classified as a medication from any class (angiotensin-converting enzyme inhibitor, angiotensin-receptor blocker, beta-blocker, calcium channel blocker, or diuretic) that was inventoried at the clinical examination.
Ten-Year and Lifetime Risk Factor Stratification
We estimated the 10-year predicted risk for ASCVD events (myocardial infarction or coronary death, and fatal or non-fatal stroke) using the new Pooled Cohort Equations. 15, 16 These allowed us to stratify the study samples into 2 groups: those with low predicted 10-year risk (10-year risk <7.5%) and those with high predicted 10-year risk (10-year risk ≥7.5% or diabetes mellitus). The lifetime predicted risk for ASCVD (myocardial infarction, coronary insufficiency, angina, atherothrombotic stroke, intermittent claudication, or CVD death) was estimated using a previously published algorithm based on the aggregate risk factor burden (Table 1) . 9 This method of classification resulted in the formation of 2 lifetime risk different groups: low (<39%) lifetime and high (≥39%) lifetime predicted risk. The cut point of 39% was derived initially from data from the Framingham Heart Study whereby individuals with ≥1 clinically elevated CVD risk factors (eligible for treatment based on clinical practice guidelines) had a lifetime risk for CVD of 39% to 70%. 9 Berry and colleagues evaluated this threshold of 39% a priori in their demonstration of the association between short-term/lifetime risk categories and baseline and changes in subclinical measures of cardiovascular disease using data from CARDIA and MESA longitudinal cohorts. 8 This cut point has also previously been shown to be associated with CVD events and mortality. 17 
Subclinical Disease Measures
Cardiac CT scans were performed using a gated-cardiac electron-beam CT scanner. At UCSF, the system was either the 16D scanner (Philips Medical Systems, Andover, MA) or the MSD Aquilion 64 model (Toshiba Medical Systems, Tustin, CA). At NU, the technicians used the Sensation Cardiac 64 Scanner (Siemens Medical Solutions, Malvern, PA). 13 All CT scans were sent in batches to the centralized reading center at Harbor-UCLA Medical Center, where they were interpreted with Rephot Imaging software according to the MESA study methods. The prevalence of coronary calcium was defined using the Agatston score and was treated as a categorical variable (CAC=0 or CAC >0) and as a continuous variable for participants with CAC >0. 18 We conducted high-resolution B-mode ultrasonography for measurement of right and left internal and common carotid arty intima media thickness (millimeters). Carotid IMT (CIMT) was measured in 12 predefined segments (6 per side) including 1 transverse scan sequence of the common carotid through the bulb and 5 longitudinal images taken from both the right and left carotid arteries for each participant. 12 These digitized data were batched and mailed on magnetooptical disks to the central reading center at Wake Forest University, where they were read by a single reader, for wallthickness measurements using the MESA protocol for CIMT measurement, which only uses the far wall measures, not an average of the maximum thickness of the near and far wall (which MESA used for the baseline MESA CIMT protocol). For quality control, the single reader completed 25 repeat CIMT measures, and we calculated the correlation among ultrasound repeated readings. The intraclass correlation coefficient (ICC) for the internal carotid IMT was 0.96 and was 0.78 for the common carotid IMT. All CT scans and ultrasounds were read by trained individuals who were blinded to clinical and demographic characteristics of participants.
Statistical Analysis
In all analyses, the predicted risk group functioned as the independent variable and the measure of atherosclerosis (ie, CAC or CIMT) functioned as the dependent variable. Because of potentially large differences in associations of CAC and carotid IMT with the risk groups by gender, all analyses were conducted separately for women and men. We calculated mean and standard deviation for continuous variables and proportions for categorical variables for the baseline characteristics. We computed the prevalence (percentage) rates of CAC >0 and the odds ratios with 95% confidence intervals (CIs) across the 10-year and lifetime risk groups using logistic models with the binary variable of CAC >0 as the outcome adjusting for the age distribution within each risk group. We also used age-adjusted logistic regression to test differences between the reference group (low 10-year and low lifetime risk) and high 10-year and high lifetime predicted risk groups. We computed means for common and internal CIMT by use of general linear models with adjustment for age. We used linear regression to test associations between each CIMT outcome variable and the different risk groups with adjustment for age.
We conducted all analyses with SAS statistical software (version 9.3; SAS Institute, Inc.). The authors had full access to and take full responsibility for the integrity of the data. All authors have read and agree to the manuscript as written.
Results

Participant Characteristics
Detailed socio-demographic characteristics of the MASALA cohort have been published previously. 13 Participants had a mean (SD) age of 55 (9) years, 46% were women, 98% were born outside the United States, and overall, the cohort had a high socioeconomic status ( Table 2 ). The most common ASCVD risk factors in men and women were hyperlipidemia and hypertension. The prevalence of diabetes was 28% in men and 22% in women, respectively. Smoking prevalence was low.
Distribution of Risk Strata and Risk Factor Profiles
Nearly half (49%) of the men in MASALA and only 14% of women were classified as having a high 10-year predicted risk ( Figure A) . The majority of South Asian men (79%) and women (70%) had a high lifetime predicted risk of ASCVD ( Figure B ). Not surprisingly, risk factor profiles were more adverse in those classified as high risk compared with low risk (Table 3) . The 10-year predicted risk of ASCVD in the high lifetime predicted risk groups, using the Pooled cohort equation from the 2013 ACC/AHA Guidelines, 3 was 12.6% in men and 5.1%
in women.
Subclinical Atherosclerosis
In men, high 10-year predicted risk was associated with higher CAC prevalence (68%) and greater adjusted . In men, a significantly greater internal CIMT was found among men in the high lifetime predicted risk group compared with low lifetime risk, but no significant associations between 10-year risk strata and CIMT were observed in men.
Discussion
This study yielded several important insights about cardiovascular risk stratification, the new Pooled Cohort Equation, and subclinical atherosclerosis among middle-aged US South Asian men and women. Using the new Pooled Cohort Equation for risk stratification, we found that 49% of South Asian men and 13% of women had a high 10-year predicted risk. In addition, almost three-quarters of South Asians were identified as having high lifetime predicted ASCVD risk. Importantly, the relationship between risk factor levels and CAC that has been demonstrated in other race/ethnic groups was also demonstrated in US South Asians. Although associations between IMT and lifetime and 10-year predicted risk were present, these were not consistent. Until now, there have been no data on 10-year and lifetime risk strata and subclinical atherosclerosis in US South Asians. Similar to findings from the Cardiovascular Lifetime Risk Pooling Project, 8, 9, 19, 20 South Asian individuals with high lifetime predicted ASCVD risk had a greater burden of CAC, which in other studies has been associated with higher ASCVD event rates. 10, 21 In both the MESA and CARDIA cohorts, elevated lifetime predicted risk was associated with increased CAC score and progression of subclinical atherosclerosis in men and women from diverse racial/ethnic backgrounds. 8 In this community-based cohort of US South
Asians we studied, an elevated lifetime ASCVD predicted risk was associated with greater likelihood of having CAC. Others have shown that exposure to elevated risk factors is associated with subclinical atherosclerosis in young adults, and that as these individuals age, greater baseline subclinical atherosclerosis predicts more CVD events. Not surprisingly, participants with a high 10-year risk also had a greater CAC burden compared with those with low 10-year risk. It is interesting to note that the risk factor distribution in South Asians is somewhat different than in MESA and CARDIA participants 8 ; MASALA participants have a higher prevalence of diabetes and much lower prevalence of smoking. 22, 23 The MASALA study participants had much higher education and income levels compared with MESA study participants, which is consistent with US Census data on the South Asian population compared with other racial/ethnic groups. 1 However, we have found that similar to other racial/ethnic groups, a higher prevalence of abnormal, established risk factors is associated with pathogenesis of CAC in South Asians. Therefore, risk factor prevention and control remain cornerstones for decreasing ASCVD incidence and mortality in South Asians. Prior studies examining lifetime predicted risk and CIMT have not been as consistent as data on risk strata and CAC; high lifetime predicted risk was associated with greater CIMT in CARDIA participants, but the association in MESA cohort participants was not significant. 8 In the MASALA study cohort, we found that high lifetime predicted risk was only associated with greater internal CIMT among men. In US South Asian women, high 10-year predicted risk was associated with greater common and internal CIMT. The uniformly high CIMT across all MASALA study participants may have precluded the Compared with data from the New Delhi Birth Cohort, however, our estimates of CIMT are similar (0.91 for men and 0.86 for women at mean age of 36 years). 28 There are several possible explanations for the higher CIMT observed in MASALA study participants. The South Asians in this study were older than the MESA and CARDIA participants who were included in the lifetime predicted risk paper by Berry et al. 8 Another possible explanation for the higher CIMT in the MASALA participants compared to other studies is the high prevalence of diabetes, impaired glucose tolerance, and impaired fasting glucose observed in the MASALA cohort. 22 In addition to diabetes, impaired glucose tolerance and impaired fasting glucose are independently associated with greater CIMT. 29 " Because the MASALA study used the MESA Exam 5 protocol for CIMT measurement, 13 and not the MESA baseline CIMT measurement protocol, it is difficult to directly compare the baseline CIMT measures in MASALA to MESA baseline CIMT measures. The present study uses cross-sectional data and cannot assess the performance of the risk prediction models. Future data on CVD incidence from the MASALA study will allow for further validation of the Pooled Cohort Equation in US South Asians. However, several other studies have suggested that standard risk prediction algorithms, which were developed largely in non-Hispanic white and African-American populations, underestimate ASCVD risk among South Asians. 3, 6, 30 A study by Bhopal et al of South Asians in the United Kingdom found that the Framingham and FINRISK risk prediction models predicted CHD and stroke mortality equally well. 6 More recently, 2 separate studies in Britain, one using cross-sectional data and the other using prospective CVD event data, found that different risk prediction algorithms produce significantly different estimates of CVD risk within South Asians. 
Strengths and Limitations
Our study is the first to report on associations between risk strata using the new Pooled Cohort Equations 3 and subclinical atherosclerosis in a largely immigrant South Asian population. As the MASALA study cohort matures, we will be able to describe the relationship between ASCVD risk assessment scores, including the Pooled Cohort Equation, and the occurrence of ASCVD events. The MASALA sample is limited to participants from 2 specific geographic regions, the San Francisco Bay and greater Chicago areas, which may not represent all South Asians in the United States. However, we have previously reported the similarity of the MASALA population to the US Census 2010 South Asian data. 13 We also excluded all persons with known cardiovascular disease or any cardiovascular symptoms from the study population so the estimates reported represent a relatively healthier population of South Asians. The MASALA sample is largely comprised of immigrants from India and their descendants, and CVD risk prediction models may not be consistent across South Asians from countries other than India. 6 The MASALA data presented here are cross-sectional, which limits the ability to study the progression of subclinical atherosclerosis or incident ASCVD events, both of which are targets of future research within our group.
Conclusions
CVD risk prediction is increasingly being incorporated into prevention guidelines; however, current risk estimation methods have been limited by a lack of data on some ethnic minority groups, including South Asians. This study provides important new information on associations between the new Pooled Cohort Risk Equation, lifetime and 10-year predicted risk, and subclinical atherosclerosis in US South Asians. Longitudinal follow-up of the MASALA cohort will allow further study of the relationship between cardiovascular risk stratification and progression of subclinical atherosclerosis, incident CVD events, and mortality in US South Asians.
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